Abstract-Facility layout directly impacts the cycle time of any manufacturing unit. Indian SMEs mostly utilize makeshift technologies; typically characterized by improper facility design. The facility layout optimization problem is an NP-Complete problem. In this work, the facility layout of a three wheeler manufacturing SME, JS-Auto, is optimized. The problem is formulated to minimize total inter departmental material movement; ensuring that only relocation of facilities and centers are needed; without re-constructing anything. The problem was solved by using Artificial Bee Colony Algorithm. The results suggest substantial reduction in the interdepartmental material movement.
I. INTRODUCTION
MALL and medium enterprises in India mostly use makeshift approaches for manufacturing, with the intention of catering to short term demands. Such production systems lack robustness and flexibility to deal with any fluctuations in demand. Future plans like facility expansion, capacity enhancements, etc. are not considered in such systems. Hence, most of such enterprises have improper facility layout adversely impacting the flow of material and work-in-progress inventory from one workstation to another, machine utilization, waiting time, and productivity.
Facility Layout Problem (FLP) aims to organize all the facilities in a plant in such a way to minimize the total interdepartmental material movement. Lot of research has been done on problem formulation and solution of the facility layout problem of various industries. Foulds and Robinson proposed graphical modeling to solve facility layout problem [1] . Similar approaches can also be found in [2] [3] . Koopmans and Beckmann first described facility layout problem as a quadratic assignment problem (QAP) [4] . Approaches similar to QAP can be found in [5] [6] . A mixed integer programming model for FLP was first proposed by Montreuil [7] . Among Suman Samanta (*Corresponding author) is a student of Doctor in Philosophy in the department of Industrial and Management Engineering, Indian Institute of Technology, Kanpur, India (email: suman_samanta2003@yahoo.com).
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all these approaches, QAP approach to FLP is the most popular one, which is also an NP-Complete problem [4, 5, and 8] .
Due to its NP-Completeness, heuristics and meta-heuristic approaches are extensively used to solve FLP. Some of the examples of heuristic approaches are ALDEP, CORELEP, CRAFT [9] , QLAARP [10] , LOGIC [11] etc. Meta heuristics such as Simulated Annealing (SA) [12] , Tabu Search (TS) [13] , Genetic Algorithm (GA) [14] , Ant Colony Optimization (ACO) [15] , Particle Swarm Optimization (PSO) [16] etc. are used for larger FLPs. A detail list of the above solution approaches can be found in [8, 17, and 18] .
In this work, the layout of JS-Auto, a local three wheeler manufacturing company, situated in Kanpur, Uttar Pradesh, India was studied. The process flows are studied using time and motion study (Fig.1) . The average number of interdepartmental movements per day is calculated. The QAP formulation of FLP was done in such a way that reconstruction of any location was avoided. This implies relocation of departments is allowed, but re-construction is not allowed. Artificial Bee Colony Algorithm was used to solve the problem. The result suggests significant reduction in interdepartmental material movement.
II. PROBLEM DESCRIPTION
The plant layout of JS-Auto is depicted in Fig.2 . The location identification number of various departments is given in the Table1. These departmental location numbers are used to create the From-To chart. TABLE II  FROM TO CHART (ALL DIMENSIONS ARE IN MITER)   1  2  3  4  5  6  7  8  9  10  11  12   1  0  40  55  35  30  55  50  15  15  15  10  20   2  40  0  30  10  5  5  5  25  20  55  30  25   3  55  30  0  20  25  35  35  30  30  30  45  35   4  35  10  20  0  10  15  10  20  20  35  25  15   5  30  5  25  10  0  15  5  15  15  40  25  15   6  55  5  35  15  15  0  7  30  25  60  35  25   7  50  5  35  10  5  7  0  30  25  60  35  25   8  15  25  30  20  15  30  30  0  10  30  10  5  9  15  20  30  20  15  25  25  10  0  30  10  10  10  15  55  30  35  40  60  60  30  30  0  20  30   11  10  30  45  25  25  35  35  10  10  20  0  15  12  20  25  35  15  15  25  25  5  10  30  15  0   TABLE III 
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The problem is to find out the optimal location of the departments that will minimize the total interdepartmental material movement. For this, the quadratic assignment problem, first described by Koopmans-Beckmann [4] ; is used. The problem is formulated as shown in Equation1. Table 2 and the frequency of interdepartmental transport between various departments per day is summarized in Table 3 .
Locations 10, 11 and 12 corresponding to assembly shop, welding shop, and press shop are fixed at their current locations. These departments cannot be relocated due to specific space requirements and special arrangements that are only possible at those locations. Location 8 and 9 in the present layout are correspondingly shaping shop and generator room. These departments can be located anywhere as the material movement to or from these two departments are insignificant. So the problem then reduces to nine available locations to fit seven departments. No demolition or construction is allowed because of the monetary constraints set by the organization.
III. ARTIFICIAL BEE COLONY ALGORITHM FOR SOLVING FLP
Artificial Bee Colony algorithm (ABC) is a swarm based optimization algorithm that simulates the foraging behavior of honey bees. The algorithm was first developed by Karaboga in 2005 [19] . Since then, researchers applied this algorithm for various optimization problems due to its strong search capabilities. The algorithm mainly has three major steps, viz., (i) Employed step, (ii) Onlooker step, and (iii) Scout step. In order to solve QAP based FLP, the steps of the original ABC are modified to meet the problem requirements. Next, the modified steps of the algorithm are discussed.
A. Initialization step
In this step, each employed bee is assigned to one feasible set of locations (solutions) to the departments (food source). The process can be elaborated by considering the example in Fig.3 . Assume that there are eight location requirements and 10 locations are available. The locations are numbered correspondingly. Now each feasible solution contains a random selection of eight locations taken from the available 10 locations without using any location twice. 
B. Employed step
Here, each employed bee will do a local search to find out better food source by means of neighboring (or neighborhood) search. For this, Position Based Crossover (PBX) operator [20] is used. The neighboring food source is selected randomly from the list of neighbors of the current location. Each location of the new food source gets chosen from the initial food source with a probability of 0.5. This implies that some locations will be chosen and some will remain vacant. The locations that are already present in the new food source are deleted from the neighboring food source list. The rest of the vacant positions of the new food source list are filled with the remaining positions of the neighboring food source, taken in the same order. Fig. 4 illustrates the PBX process. (2) where fit i is the fitness value of i th solution that is proportional to the nectar amount of the food source in i th position. Also, SN denotes the number of food sources, which is equal to the number of employed bees. After selecting the food source, the search for a new food source is repeated as stated in the employed step.
D. Scout phase
If the food source cannot be improved (no better value of nectar) for a predetermined number of iterations; the food source is marked as abandoned food source, and the employed bee is transformed into scout and search for a new food source as described in step A, with a new random value.
The flow chart of the ABC algorithm for solving FLP is shown in Fig. 5 .
IV. ABC SETTINGS
The computer code for the ABC algorithm was developed in MATLAB 7.11.0(R2010b) and the code was run in a computer system with Intel i3 (3210) processor, 4GB DDR3(1333 MHz) ram and Intel original motherboard DH61BF. The parameter setting of the developed ABC algorithm is shown in Table IV . 11.44 seconds (CPU Dependent)  The optimal layout of the JS Auto (as found by ABC Algorithm) is shown in Fig. 7 .  Optimal position of various departments (as found by ABC Algorithm): shown in Table V .  Optimal interdepartmental material movement as per the new layout: 4100 meters.  Convergence of ABC algorithm for the problem:
shown in Fig. 6 .  
VI. CONCLUSIONS
Quadratic assignment problem approach for solving FLP is a NP-Complete problem. The result suggests that the ABC algorithm is well suited to handle such kind of problems. Although total cycle length per run was taken as 1000, the algorithm converges to the optimal solution considerably below that maximum limit. The result shows considerable improvement (28.9% reduction) in the total interdepartmental material movement in terms of distance, by reallocating the departments. Solving FLP for a more complicated layout remains a future scope of this work.
